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Authors' Reply
Meshnick notes that while "cogent evidence" is presented in our letter (R. K. Haynes, D. Monti, D. Taramelli, N. Basilico, S. Parapini, and P. Olliaro, Letter, Antimicrob. Agents Chemother. 47:1175, 2003) that artemisinin does not inhibit hemozoin formation, his work was misquoted and erroneous conclusions were drawn as to how artemisinin compounds work.
Indeed, we are aware of Meshnick's demonstration of the lack of inhibition of hemozoin formation by artemisinin, and members of our group cited his results in other work (6) . In our letter, the papers by Asawamahasaka et al. ( were cited together to demonstrate the problem with the hemozoin theory, whereby artemisinin would exert its antimalarial effect through hemeartemisinin adducts inhibiting heme polymerization (4, 7). With reference to the "potent [protein] alkylating ability" in the above response, Meshnick himself nicely demonstrated that uptake of radiolabeled artemisinin into intraparasitic hemozoin constitutes 75% of total administered artemisinin; thus, heme is indeed a substantial target (3) . Model studies also indicate that 85 to 90% of artemisinin forms adducts with heme (8) . Thus, a correlation has been drawn between interaction of artemisinin derivatives with heme and antimalarial activity (8, 9) . However, we believe we have provided conclusive evidence to support the view, shared by other authors, that these compounds cannot kill the parasite by interacting with heme. The artemisinin derivative 10-deoxodihydroartemisinin does not inhibit hemozoin formation in vitro and yet is a potent inhibitor of parasite growth (Haynes et al., Letter).
A further case against the heme activation pathway is provided by the lack of inhibition of phase I-metabolizing CYP enzymes by artemisinin, in which the prosthetic heme hydroxylates the periphery of the molecule without interfering with the trioxane nucleus (1) .
A number of groups supports a nonheme iron activation process (reviewed in reference 11). Meshnick himself showed that iron chelators antagonize the antimalarial effect of artemisinin (5), a result which is not easily reconciled with a heme activation mechanism (6) . Also, that the putative parasiticidal agents are "carbon-centered radicals" generated from the artemisinins by heme or iron(II) (11) is discounted on the basis that Fe(III) (formed by reductive cleavage of the peroxide) oxidizes such radicals to carbocations (2) . This has been verified for antimalaria-active peroxides (10) .
More work is indeed required in order to acquire a satisfactory understanding of antimalarial activity of this remarkable compound class. Nevertheless, the weight of evidence currently suggests that a specific, as yet unknown target is involved (6) . It further follows that interactions of the artemisinin antimalarials with heme and free iron(II) represent competitive decomposition pathways, and thus, if it were possible to design derivatives in which degradation of the trioxane by heme or free iron(II) is inhibited, highly active derivatives would be obtained.
